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0 Multi-well filter ^trl|:^)and composite assemblies. 

0 A filter strip (18) and composite assemblies for 
filtering microliter quantities of fluids. A linear array 
of wells (20) having open top (22) and bottom (24) 
ends are connected by frangible webs in spaced- 
apart relation with discrete filter membranes closing 
the bottom (24) ends of each well (20). Tabs (30.32) 
are provided on the ends of the filter strip for holding 
the same and supporting the strip in a rectangular 
holder (170) having alpha-numeric designations for 
identifying each well (20) in a plurality of such filter 
_ strips contained within the holder (170). The filter 
^ strip may be used in a vacuum manifold for applying 
a pressure differential across the filter membrane 
^and directing the filtrate into an aligned aperture of a 
'closed bottom well of an array of wells held within 
the manifold. Alternatively, the filter strip may be 
'used with a transfer plate for directing the filtrate 
J from each well (20) of the filter strip to an aligned 
well of a closed bottom array of wells. Another 
'composite assembly includes a pressure manifold 
„for applying an increased pressure above the mem- 
Jbranes. 
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MULTI-WELL FILTER STRIP AND COMPOSITE ASSEMBUES 



This invention concerns a multi-well filter strip 
useful in the assay of microliter quantities of a fluid. 

Two basic analytical procedures utilizing micro- 
porous membrane filters are known The first is 
simply the use of a microporous membrane to 
collect small particles for analysis, e.g.. the collec- 
tion of trichloroacetic protein precipatates on cel- 
lulose acetate membranes. The second is use of 
the filter in a more active sense wherein a first 
substance is immobilized in the niter and a reactant 
is applied to the filter for reacting with the sub- 
stance, e.g.. the immobilization of single strand 
RNA or DNA on a nitrocellulose membrane for use 
in nucleic acid hybridization. See Gillespie. 0. and 
Spielgelman. S.. Journal of Molecular Biology. 12: 
829-842 (1965). 

The scale of these analytical procedures con- 
tinues to decrease such that a 96-well microplate 
utilizing test volumes of 100 to 200 microliters per 
well is now widely used. As the apparatus is min- 
iaturized, it becomes more difficult to prevent 
cross-contamination of samples in adjacent wells 
and it becomes important to prevent any loss of 
the fluid from the small sample in the well during 
the reaction period. For example. U.S. Patent No. 
4,526.690 to Kiovsky et al. describes a 96-well 
apparatus utilizing test samples of 100 microliters 
and less. A complex filter structure is provided 
consisting of a continuous microporous membrane 
or ultrafiltration media 26 attached to the bottoms 
of the 96 wells, and to prevent contamination and 
dehydration, a hydrophobic fabric 30 is disposed 
below the membrane with a minute space 34 be- 
tween the membrane and fabric and a guiding 
spike 60 is provided below each well. The hy- 
drophobic fabric is said to prevent a loss of fluid by 
lateral migration and/or gravity flow from within the 
well in the absence of an applied differential pres- 
sure across the membrane. The spike is said to 
serve the dual functions of preventing loss of a 
pendant drop from the well during the reaction 
period and second as a guide by which fluids 
forming as a pendant drop are directed to the 
appropriate well chamber below. 

Another multi-well test device is described in 
U.S. Patent No. 4,407,943 to Cole et al. A molded 
plastic tray 12 has a detachable cover 18. The 
cover has a plurality of open-bottom cylindrical 
recesses 20 each having a membrane 22 heat- 
sealed to the lower rim of the recess. In use, a 
sample is poured into a recess and flows through 
the membrane into the tray. The membrane is 
washed and treated with reagents as needed to 
detect the presence or absence of a particular 
material in the sample (col. 9. line 63 to col. 10, 



line 13). 

Another multi-well test device, described in 
U.S. Patent No. 4.246.339 to Cole et a!., includes 
telescoping cover and base members 10. 12 defin- 
5 ing a liguid reservoir therebetween, a resilient foam 
member 16 for biasing the members in an open 
position, a sorbent material 18 in the base member 
having a surface layer 36 and a bulk portion 36. 
and a plurality of wells 20 in the cover each of 
to which has a bottom opening covered by a micro- 
porous membrane 22 sealed liquid-tight to the cir- 
cumference of the opening. The sorbent material 
between the cover and base members is spaced 
from the membranes in the open position, but in 
T5 contact therewith in the closed position. Liquids are 
passed from the wells through the membranes into 
the sorbent means by depressing the members to 
the closed position. The membranes may be 
washed to remove unreacted materials by relaxing 

30 the top member, placing wash liquid in the test 
wells, and again depressing the top member to 
pass the wash liquid through the membranes into 
the sorbent material. The upper surface layer of the 
sorbent material resists wetting by the liquid pass- 
as ing through the wells to minimize rewetting the 
membranes with previously-used liquids. 

It is an object of this invention to provide a 
multi-well filter strip for use in a variety of filtering 
and assay procedures which minimizes contamina- 

30 tion between adjacent wells and permits testing of 
very small microliter samples. 

Another object is to provide a multi-well filter 
strip wherein the wells are removably attachable to 
a holder and to each other to permit selected 

35 testing of various wells. 

Another object of the invention is to provide a 
multi-well filter strip wherein the contents of the 
wells are not contaminated by handling the strip 
and wherein radioactive or toxic specimens in the 

40 wells need not be contacted by the user. 

Yet another object is to provide a multi-well 
filter assembly which can be used for prefiltration 
prior to the assay utilizing small sample volumes 
with good recovery. 

45 A further object is to provide a multi-well filter 

strip for use in a vacuum manifold. 

A still further object is to provide a vacuum 
manifold having means for positioning a filter strip 
and for directing filtrate which exits the filter strip. 

50 A still further object is to provide a vacuum 

manifold having a structure for supporting the filter 
membranes to prevent separation of the membrane 
from the filter well while a differential pressure is 
applied across the membrane. 

Yet another object is to provide a combination 
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filter strip, transfer plate, and multi-well test plate 
wherein the transfer plate directs the filtrate pass- 
ing through the membrane into a corresponding 
well of the test plate. 



Summary of the Invention 

The invention is a multi-well filter strip and 
composite assemblies for filtering small quantities 
of liquid. 

The filter strip consists of a plurality of cylin- 
drical wells open at the top and bottom ends and 
arranged in a straight row and connected to one 
another by frangible webs which space the weils 
closely adjacent one another, but not touching, and 
discrete filter membranes closing the bottom end 
of each well with the filter membranes spaced from 
one another. The filter strip has outwardly extend- 
ing tabs at each end for holding the strip and 
supporting the strip in a rectangular frame having 
an array of alpha-numeric designations for identify- 
ing each well supported by the holder. The strips 
are releasably attachable to the holder and the 
wells within each strip are releasably attached to 
permit separation of any number of wells in the 
strip. 

A filter assembly includes a vacuum manifold 
having a base and removable cover, a chamber in 
the vacuum manifold, a passage in the manifold 
communicating with the chamber for applying a 
reduced pressure to the chamber, a multi-well filter 
strip, an array of cylindrical recesses in the cover 
for supporting the filter strip, and openings in the 
bottoms of the recesses for placing each mem- 
brane of the filter strip wells in communication with 
the chamber whereby a reduced pressure applied 
to the chamber will draw liquid in the wells through 
the membranes into the chamber. A closed bottom 
well strip may be positioned in a trough in the 
manifold base with each well of the array aligned 
below a well of the filter strip where it is desired to 
separately collect the filtrate passing through each 
membrane of the filter strip. A nozzle is provided 
around each opening in the cover for directing the 
filtrate from the membrane into an aligned closed 
bottom well for preventing spattering and cross 
contamination of the filtrate. The cylindrical reces- 
ses in the manifold cover for supporting each well 
of the filter strip each have a central funnel-shaped 
portion and a peripheral shoulder for supporting the 
periphery of the membrane and forming a seal at 
the bottom of the well. A vacuum control device is 
provided in the manifold cover for limiting the re- 
duced pressure applied to the chamber. A fan- 
shaped passage is provided in the base of the 
manifold for removing the filtrate drawn into the 
chamber which is not contained within the closed 



well strip. 

In another embodiment, a filter assembly is 
provided consisting of a multi-well filter strip, an 
array of closed bottom wells similar in size to the 

5 filter strip and disposed beneath the filter strip, and 
a transfer plate between the filter strip and closed 
bottom well array for engaging and aligning the 
same and causing the filtrate passing through each 
membrane of the filter strip to enter a correspond- 

10 ing separate well in the array. The transfer plate 
may be utilized in a pressure manifold for applying 
an increased pressure above the membranes of the 
filter strip to force liquid through the membranes. 

f5 

Brief Description of the Drawings 

Fig. 1 is a perspective view of a filter strip 
constructed in accordance with this invention. 
20 Fig. 2 is a side view of one well of the filter 

strip of Fig. 1. showing in cross-section the web 
which connects adjacent wells. 

Fig. 3 is a cross-sectional view of the filter 
strip of Fig. 1 . 

25 Fig. 4 is a cross-sectional view of an assem- 

bly composed of a vacuum manifold having a base 
and cover, a closed well plate in the base, and a 
filter strip mounted on the manifold cover in accor- 
dance with this invention. 
JO Fig. 5 is a top perspective view of the mani- 

fold base of Fig. 4. 

Fig. 6 is a cross-sectional view of a vacuum 
manifold similar to Fig. 4 but having a device for 
controlling the amount of vacuum. 
35 Fig. 7 is a fragmentary cross-sectional view 

of the well chambers in the manifold covers of 
Figs. 4 and 6. 

Fig. 8 is a fragmentary cross-sectional view 
of an assembly composed of a filter strip, strip 
40 holder, centrifugal transfer plate, and closed well 
plate in accordance with the present invention. 

Fig. 9 is a top perspective view of a strip 
holder containing two filter strips as used in the 
assembly of ^'9- 8- 
45 Fig. 10 is a top plan view of the centrifugal 

transfer plate as used in the assembly of Fig. 8. 

Fig. 11 is a side plan view of the transfer 
plate of Fig. 10. 

Fig. 12 is a fragmentary cross-sectional view 
50 of the transfer plate taken along section lines 12-12 
in Fig. 10. 

Rg. 13 is a fragmentary cross-sectional view 
of the transfer plate taken along section lines 13-13 
in Fig. 10. 

55 Fig. 14 is a cross-sectional view of an as- 

sembly composed of a pressure manifold, a rubber 
gasket, a filter strip, a transfer plate and a closed 
well plate, in accordance with the present invention. 
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Fig. IS is a top perspective view of a syringe 
and the assembly of Rg. 14 with the components 
spread apart for loading or unloading of the filter 
strip and closed well plate into the pressure mani- 
fold. 



Detailed Description Of The Preferred Embo di- 
ments ~ 

10 

In Figs. 1-3. a filter strip 18 of the present 
invention is shown composed of a row of eight 
generally cylindrical wells 20 each open at its top 
22 and bottom 24 and having cylindrical side walls 
26. The separate wells 20 are joined by frangible 75 
webs 28. and the strip is molded as a unitary 
structure of clear plastic. Rounded tab 30 and 
squared tab 32 at opposite ends of the strip are 
provided to identify each end of the strip and for 
handling and supporting the strip, either manually 20 
or in a frame-like support such as shown in Fig. 1 1 
and in copending application Serial No. 923,906, 
filed October 28. 1988 by Lyman et al. and entitled 
MULTI-WELL TEST PLATE, which is hereby incor- 
porated by reference. 25 

The open bottom 24 of each well 20 is closed 
by a permeable membrane 34. The individual 
membranes for each well are discrete disks sepa- 
rate from the others so as to prevent any transfer 
of filtrate or retentate from the bottom of one well 30 
to another. It will also be noted that a gap 36 exists 
between the adjacent surfaces of adjacent wells so 
that no flow may occur on a well wail 26 from one 
to another of the wells. The membrane 34 which 
closes the bottom 24 of each well may be heat as 
sealed, ultrasonically welded, or otherwise attached 
by solvent or adhesive to the bottom surface of the 
cylindrical wall 26. 

The frangible webs 28 which join adjacent 
wells are shown in detail in Fig. 2. Each web 4o 
includes an elongated main rib 40 which extends 
vertically between the wells and a transverse cross 
rib 42. The ribs 40 and 42 define a T-shaped 
cross-section for the webs 28. The height Hz of 
main rib 40 is approximately one-half the height H, 45 
of the well 20. while the height H3 of the transverse 
rib 42 is about one-quarter of the height H2 (of 
main rib 40). The thickness Ti of transverse rib 42 
is greater than the thickness of T2 of main rib 40. 
The specific dimensions of the web 28 may be so 
those set forth in copending Serial No. 923.906. or 
any other dimensions which hold the wells in a 
linear array and yet facilitate ready separation of 
the wells. Because the T-shaped webs which join 
adjacent wells have their lower edges 44 (bottom 55 
end of rib 40) disposed substantially above the 
bottoms 24 of the wells, a discrete gap exists 
between the wells which enables the wells to fit 



into separate receptacles provided for them in a 
vacuum manifold or a transfer plate with which they 
may be used, as described more fully below. 

A well strip having the T-shaped webs de- 
scribed is easily and inexpensively molded as an 
integral body. The webs hold the wells in a flat 
linear array with all of the bottom surfaces of the 
wells in a single plane. The strip of wells may be 
easily removed from a support (see Fig. 9) by 
grasping one or both of the tabs 30 and 32 at the 
opposite ends of the strip, and when being han- 
dled, the strip will not curve or bend or sag unless 
intentional pressure for that purpose is applied to 
the strip. An individual well or a few wells may be 
broken from the strip J8 whenever it is necessary 
or desirable to use fewer than the full row. 

In Hgs. 4-7, a vacuum manifold 60 with which 
the filter strip 18 may be used is shown. The 
vacuum manifold is an elongated housing com- 
posed of a base 62 and cover 64 that typically may 
be molded of polycarbonate material and having 
mating peripheral walls 66 and 68. respectively, 
that allow the cover to close tightly and form a seal 
on the base. The base and cover define a chamber 
70 to which a reduced pressure may be applied as 
described below. 

As shown in Figs. 4 and 5 in the preferred 
form, the interior bottom wall 72 of base 62 is 
provided with a trough 74 into which a strip 76 of 
closed bottom wells 78 may fit and into which 
filtrate may be drawn when a reduced pressure is 
applied to chamber 70. The array 76 of closed 
bottom wells has essentially the same geometry as 
the filter strip 18 accepting only that the filter strip 
18 has open bottom wells closed by the discrete 
membranes 34 while the closed bottom wells 78 
are imperforate to any material. The array 18 may 
be identical to the multi-well strip shown in copen- 
ding Serial No. 923.906. 

Cover 64 is provided with a row of cylindrical 
recesses 80 (Fig. 7) which receive the individual 
wells 20 of the filter strip 18. As is apparent in Figs. 
4, 6 and 7, the individual recesses 80 extending 
downwardly from the upper surface 82 of cover 64 
are spaced apart by thin partitions 84 which sepa- 
rate the individual recesses from one another. Each 
recess has a bottom wall 86 having a funnel- 
shaped central portion 88 and surrounding shoulder 
90. An opening 92 extends through the cover from 
the bottom of the funnel-shaped portion 88 so as to 
provide a through passage with the funnel for fil- 
trate passing from a well 20 of the filter strip 18 
into chamber 70. The shoulder 90 is dimensioned 
to engage the flat bottom 24 of the well 20 so as to 
support and seal the periphery of the filter mem- 
brane 34 which closes the bottom of the well. 

It will be appreciated that when the filter strip is 
placed with its wells in the recesses 80 in the 
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cover, liquid may be pulled from the wells of the 
filter strip through the membranes 34 when a pres- 
sure differential is applied across the membranes 
(i.e., by reducing the pressure in chamber 70). The 
filtrate pulled through the membranes may be ei- 
ther individually collected in the wells of the closed 
bottom well strip 76, or it may be mixed in the 
chamber 70. This latter arrangement would typi- 
cally be used when the object is to collect the 
retentate in the filter strip wells rather than the 
filtrate from them. When the filtrate is the product 
to be derived from the procedure, obviously, sepa- 
rate wells 78 must be provided to collect the fluid 
separately from each of the fitter strip wells 20. 

The trough 74 formed in the base 62 of the 
vacuum manifold 60 serves to align the individual 
closed bottom wells 78 of the array 76 with the 
wells 20 in the filter strip 18. As is evident in Fig. 4, 
the opening 92 through the bottom wall 86 of each 
recess in the cover is aligned with the approximate 
center of the corresponding closed bottom well 78 
when positioned in the trough 74 so that all of the 
filtrate is collected in the corresponding closed 
bottom well 78. To further assure discharge of the 
filtrate into the closed bottom wells, a downwardly 
extending flange 94 may be provided in the cover 
about each of the openings 92. Each flange 94 
about its opening 92 defines a nozzle so as prevent 
the filtrate from spattering as it exits the passage 
92 particularly if high vacuum (i.e., very low pres- 
sure) is applied to the chamber 70 causing high 
flow rates. 

In Fig. 6, one of a variety of different devices 
which may be used to limit the vacuum applied to 
chamber 70 is shown incorporated into the vacuum 
manifold 60. In that figure, a duckbill valve 100 is 
shown formed in the cover 64 at one end of the 
row of wells 80. Alternatively, a bail check valve or 
any other well-known pressure relief device may be 
provided. Any of those arrangements will prevent 
excessive vacuums from being applied to the 
chamber 70, which would cause spattering or ex- 
ceed the pressure which can be withstood by the 
membranes 34 that form the filter material across 
the bottoms of the wells 20. More preferably, the 
valve 100 is provided adjacent the passage 110 
described below for even pressure control across 
the filter strip. 

The means for applying a vacuum to the cham- 
ber 70 is shown in Fig. 5. A passage 110 extends 
through the side wall 112 of trough 74 and through 
a nipple 114 onto which tubing may be telescoped 
so as to connect the passage iiO to a vacuum 
pump (not shown). The opening 110 in this em- 
bodiment is shown to be generally fan-shaped, and 
its cross-sectional area diminishes smoothly from 
the inner surface 1 16 of trough side wall 1 12 to the 
extension of the passage 110 in nipple 114. The 



bottom of -passage 110 in side wall 112 is at or 
below the level of the bottom wall 118 of the trough 
so that any liquid in the trough may be drawn by 
the vacuum out of the manifold through nipple 114. 
5 The fan-shaped arrangement of opening 110 dis- 
perses the airflow across substantially the entire 
bottom wall 118 of trough 74 so as to avoid spat- 
tering of any filtrate in the trough. It will be appre- 
ciated that if closed bottom wells are not provided 
10 in the trough, but rather the filtrate is permitted to 
collect in the trough itself, the configuration of the 
passage llO will facilitate removal of all of that 
material. It is important that the passage 110 
through which the vacuum is applied to the cham- 
75 ber 70 be in a position to remove all of the liquid 
which collects in the chamber. 

In Figs. 8-13. another assembly employing the 
filter strips is shown. In this assembly, shown in 
Fig. 8. a centrifugal transfer plate 120 places one 
20 or more filter strips 18 in communication with the 
closed bottom wells of a conventional 96-well plate 
122 and transfer of the filtrate from the wells of 
strips 18 to the wells of plate 122 is induced by the 
action of a centrifuge (not shown). As shown in Fig. 
25 9, a plurality of filter strips 18 are supported by a 
strip holder 170, which holder is described in detail 
in copending application Serial No. 923.906. Holder 
170 engages the peripheral edge of well plate 122 
as described hereinafter. While a 96-weli plate 122 
30 is suggested, it should be appreciated that the 
plate may be replaced by a number of closed 
bottom strips identical to those shown in copending 
application Serial No. 923,906. which may in turn 
be supported by a strip holder as shown in that 
35 application. The two holders for the filter strips and 
closed well strips may then register with one an- 
other in a manner similar to that shown in Fig. 8. 

The transfer plate 120, shown separately in 
Figs. 10-13, is a molded plastic piece having a 
40 number of cylindrical recesses 130 formed in its 
upper surface 144. Recesses 130 have vertical 
sidewalls 131 surrounding horizontal shoulders 132, 
which surround funnel-shaped bottom walls 133. 
Bottom walls 133 register with downwardly extend- 
45 ing nozzles 134 having openings 136 therethrough. 
Each of the nozzles 134 has an outer diameter 
which enables it to register with the open top 138 
of a well 140 in the 96-well plate 122 (see Fig. 8). 
The fit of the nozzle 134 in the open well 140 is 
50 such that a slight clearance is provided through 
which any build up of gas in the well 140 may be 
vented. The nozzles 134 extend downwardly from 
the lower surface 142 of the transfer plate so as to 
enter into the closed bottom wells 1 40 and prevent 
55 cross contamination of filtrate from one well to 
another in plate 122. 

The vertical walls 131 of recesses 130 engage 
the outer sidewalls of wells 20 of filter strip 18 
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while the horizontal shoulders 132 engage the flat 
bottom surfaces 24 of wells 20 of the filter strip 18. 
The shoulders 132 serve to align the wells 20 with 
the openings 136 through the transfer plate 120, 
and also serve to support the periphery of the filter 
membranes 34 so as to prevent the membranes 
from peeling off the bottoms of the wells 120 when 
high pressure differentials are applied to the mem- 
branes. 

To further assist in aligning the filter strips with 
the transfer plate 120. tapered posts 146 are pro- 
vided on the upper surface 144 of the transfer plate 
in the space defined by four adjacent funnel- 
shaped recesses. The tapered configuration of the 
post 146 will guide the lower outside edges of 
wells 20 into position between recess sidewalls 131 
(which may be tapered) and onto the flat shoulders 
132 as shown in Fig. 8. 

To further assist in aligning the assembly of 
Fig. 8. peripheral edge 148 of the transfer plate 
120 may just fit within a vertical flange 150 at the 
lower edge of the strip holder 170. A horizontal 
shoulder 152 adjacent flange 150 of the holder 170 
may engage the upper surface 144 of the transfer 
plate so as to support the transfer plate at the 
proper height so as to just engage the bottom 24 of 
each well 20. 

It will be appreciated that because the assem- 
bly is subjected to centrifugal force, no seals are 
required to maintain vacuums as in the embodi- 
ment of Figs. 4-7. and the same driving force is 
applied to the liquid in each of the wells to cause 
the liquid to flow through the membranes 34 and 
collect in the 96-well plate or closed bottom well 
strips attached to the bottom surface of the transfer 
plate for that purpose. 

Figs. 14-15 show yet another embodiment of 
the invention wherein a pressure manifold contains 
an 8-well filter strip and an 8-well closed bottom 
strip. The pressure manifold consists of a base 
200, transfer plate 201. and cover 202 stacked in 
vertical relationship and releasably attached by a 
pair of outer vertical posts 203 which pass through 
aligned bores in the base, transfer plate, and cover. 
Springs 204 are provided around the posts be- 
tween each of the base, transfer plate, and cover 
for biasing the components away from one another 
to facilitate loading and unloading of the filter strip 
18 and closed bottom well strip 76 above and 
below the transfer plate respectively as shown in 
Fig. 15. Releasable clamping means such as bolts 
220 are provided which act against the spring bias 
to hold the components in a closed position during 
filtering, as shown in Fig. 14. 

The lower surface of manifold cover 202 has 
an indented shoulder 205 at each end and a pro- 
truding central portion 206 in which there is formed 
a straight row of eight nozzles 207 and between 



the nozzles a row of recesses 208. Each nozzle 
207 has a central opening 209 which is connected 
to a horizontal chamber 210 extending lengthwise 
in the cover interior and which is connected to a 

s central bore 211. An air pressure device such as 
syringe 21 2 is releasably connected to bore 21 1 for 
applying an increased pressure via chamber 210 
and nozzle openings 209 to each of the wells 20 of 
the filter strip 18 disposed between the transfer 

10 plate and cover. A rubber gasket 213 forms a 
compliant seal between each of recesses 208 and 
the upper ends 22 of wells 20 for sealing the filter 
strip against the cover. Thus, in contrast to the 
vacuum manifold of Figs. 4-7 wherein a reduced 

15 pressure is applied below the membranes 34 of the 
filter strip, in the pressure system of Figs. 14-15 an 
increased pressure is applied above the mem- 
branes 34 to force the samples in wells 20 through 
the membranes 34. 

20 The transfer plate 201 is configured in substan- 

tially the same manner as the transfer plate 120 in 
Figs. 10-13, wherein upper cylindrical recesses 214 
have funnel-shaped bottom walls 215 and outer 
shoulders 216 for supporting the bottoms of wells 

25 20 and central openings 217 through nozzles 218 
for directing the filtrate into an aligned well 78 
below the transfer plate. The lower surface 219 of 
transfer plate 201 rests upon the upper surface of 
the well strip 76. A trough 221 is provided in the 

30 upper surface of base 200 for supporting and align- 
ing the well strip 76 beneath the transfer plate 201 . 

Having described this invention in detail, the 
many advantages of the present invention will be 
fully appreciated. The configuration of filter strip 18 

35 allows multiple filtering of small volumes and pro- 
vides easy handling. The frangible webs 28 which 
connect adjacent filter wells 20 allow individual 
filter strips 18 to be broken apart into separate 
wells. Typically, this may be advantageous when it 

40 is desired to place the filtered retentate into a vial 
for testing. 

As yet another advantage of this invention, the 
filter assemblies provide for filtering of up to 96 
samples simultaneously without losing the matrix 
45 location of each well. This is achieved by using the 
holder of Fig. 9 with twelve filter strips. The special 
orientation of the strips 18 is imposed by the end 
tabs 30 and 32 and the alpha-numeric designations 
171 on the holder 170 as described in detail in 
50 copending application Serial No. 923,906. This is 
particularly important when the device is used in 
diagnostic applications where each well or strip 
may be from a different patient, or in any other 
application where multiple samples are to be pre- 
ss cessed. 

Furthermore, this invention enables the mem- 
branes to be handled on an individual well or strip 
basis which provides significant convenience for 
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the user. Waste is reduced by enabling the user to 
select only the number of strips required. 

It will also be appreciated that a filter as a 
substrate base is very desirable in many analytical 
diagnostic applications where the test being per- 
formed relies upon the physical or chemical bind- 
ing of the test sample to the internal and external 
surfaces of the substrate. A microporous mem- 
brane has a vastly greater surface area than a 
nonporous flat surface, and therefore a very sub- 
stantial increase in binding occurs. Furthermore, 
many specialized membrane materials, including 
ultrafiltration media, are available to achieve spe- 
cific binding properties (as used herein, filter mem- 
brane includes ultrafiltration media). It will also be 
appreciated that after the binding steps are com- 
plete, most diagnostic tests reguire a series of 
reaction and washing steps to flush away the un- 
reacted or unbound material. The use of an eight- 
well strip with either a vacuum manifold or centri- 
fugal transfer plate enhances the ease with which 
the reaction and washing steps may occur. 

As a further advantage of this invention, during 
an incubation period the well tops of the filter strip 
can be sealed with a plate or stopper (e.g.. a 
pressure sensitive film) and the filter strip placed 
over a closed bottom strip in which water has been 
added to maintain the humidity and prevent de- 
hydration. The lower strip also prevents the con- 
tents of the filter strip from dripping onto the work- 
bench. 

Having described this invention in detail, those 
skilled in the art will appreciate that numerous 
modifications may be made thereof without depart- 
ing from its spirit. Therefore, the breadth of this 
invention is not to be limited to the specific em- 
bodiments illustrated and described. Rather, its 
breadth is to be determined by the appended 
claims and their equivalents. 



Claims 

1. A filter strip comprising 

a plurality of generally cylindrical wells open at 
their top and bottom ends and arranged in a 
straight row with their axes parallel to one another 
and connected by frangible webs which space the 
wells closely adjacent one another, but not touch- 
ing, and 

discrete filter membranes closing the bottom end 
of each well with the filter membranes spaced from 
one another. 

2. A filter strip as defined in claim 1 wherein 
outwardly extending tabs are secured to the end 
wells of the strips for supporting the strip. 



3. A niter strip as defined in claim 1 wherein 
the bottom ends of the wells and the filter mem- 
branes all lie in the same plane. 

4. A filter assembly comprising 

5 a vacuum manifold having a base and removable 
cover, 

a chamber in the vacuum manifold, 

a passage in the manifold communicating with the 

chamber for applying a reduced pressure to the 

10 chamber, 

a multi-well filter strip having filter membranes 
closing the bottom of each well of the strip, 
means provided on the outside of the cover for 
supporting the strip, and 

75 openings in the cover for placing each membrane 
in communication with the chamber whereby a 
reduced pressure applied to the chamber will draw 
liquid in the wells through the membranes into the 
chamber. 

20 5. A filter assembly as defined in claim 4 

wherein 

the means provided on the cover comprises a 
plurality of individual recesses in the outer surface 
each receiving the bottom end of one well of the 
25 filter strip, and 

said openings in the cover extend from the bottom 
of each recess into the chamber. 

6. A filter assembly as defined in claim 4 
wherein 

30 the means provided in the cover prevents the inter- 
mixing of filtrate passing from each well through 
the membrane to the chamber. 

7. A filter assembly as defined in claim 6 
wherein 

35 means is provided in the chamber for supporting a 
second multi-well strip whereby each well in the 
second strip receives the filtrate from a separate 
well in the filter strip. 

8. A filter assembly as defined in claim 5 
40 wherein 

each of the recesses has a bottom wall funnel- 
shaped at its central portion and surrounded by a 
flat shoulder, 

the flat shoulder of each recess forming a seal with 
45 the bottom of each well when the multi-well filter 
strip is mounted with its wells in the recesses. 

9. A filter assembly as defined in claim 8 
wherein 

the openings in the cover communicate with the 
50 lowermost point of the funnel-shaped portions of 
the bottom walls of the recesses. 

10. A filter assembly as defined in claim 6 
wherein 

outwardly extending tabs are secured to the end 
55 wells of the strips for supporting the strip. 
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11. A filter assembly as defined in claim 6 
wherein 

the membranes of the wells of the filter strip are 
copianar. 

12. A filter assembly as defined in claim 4 s 
wherein 

a vacuum control device is provided in the vacuum 
manifold for limiting the reduced pressure applied 
to the chamber. 

13. A filter assembly as defined in claim 4 to 
wherein 

frangible webs connect the separate wells of the 
strip enabling the wells to be easily separated from 
one another. 

14. A filter assembly as defined in claim 4 is 
wherein 

the passage in the manifold is provided in the base 
and is connected to the bottom of the chamber so 
as to remove ail filtrate drawn into the chamber and 
not separately contained within the chamber. 20 

15. A filter assembly as defined in claim 7 
wherein 

the passage in the manifold is provided in the base 
and is connected to the bottom of the chamber so 
as to remove all filtrate drawn into the chamber and 25 
not separately contained within the chamber. 

16. A filter assembly as defined in claim 4 
wherein 

the chamber comprises a bottom wall and a sur- 
rounding side wall. 30 
a trough is formed in the bottom wall for receiving 
a multi-well strip in alignment with the multi-well 
filter strip on the cover, and 

said passage being connected to the chamber in 

the trough. 35 

17. A filter assembly as defined in claim 16 
wherein 

said trough includes a bottom and side walls and 
said passage enters the trough through the trough 
side wall, and 

said passage diminishes smoothly in cross-section 
away from the side wall to reduce spatter of the 
filtrate flowing from the chamber. 

18. A filter assembly as defined in claim 16 
wherein 

said passage diminishes smoothly in cross-section 
away from the trough to reduce spatter of the 
filtrate flowing from the chamber. 

19. A filter strip assembly comprising 

a multi-well filter strip including a row of separate 50 
generally cylindrical wells each open at their top 
and bottom ends with the axes of the wells being 
parallel to one another, 

a filter membrane sealed across the bottom of 
each well. 55 
an array of connected closed bottom generally 
cylindrical wells similar in size to the wells in the 
filter strip and with the axes of the closed bottom 



wells being parallel and spaced apart so that the 
array of closed bottom wells will align with the 
wells of the filter strip, and 

a transfer plate engaging the bottoms of the wells 
in the filter strip and the tops of the wells in the 
array of wells for causing filtrate passing through 
the membranes on the wells in the filter strip to 
enter the corresponding separate wells in the array 
of wells aligned with them. 

20. A filter strip assembly as defined in claim 
19 wherein 

the transfer plate includes an aligned row of reces- 
ses each having a funnel-shaped bottom wall and 
surrounding shoulder. 

said shoulder corresponding in diameter to the 
diameter of the wells in the filter strip for support- 
ing the periphery of the membrane across the 
bottom of each well, and 

openings extending through each of the funnel- 
shaped bottom wails in the transfer plate recesses 
to pass filtrate through the plate. 

21. A filter strip assembly as defined in claim 
20 wherein 

a nozzle having a central opening extends down- 
wardly from each of the funnel-shaped bottom 
walls for extending into the tops of the wells of the 
array for registering the wells of the array with the 
wells of the strip. 

22. A filter strip assembly as defined in claim 
19 further comprising 

a pressure manifold including a base and cover 
wherein the filter strip, transfer plate and closed 
bottom array of wells are disposed between the 
cover and base. 
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